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OCBOOTIVE SIltIMV 


PKOnCE 

The lavjKh of IMSKT has provided the water resource manager and 
practical hydrologlat with hroad prospects for efficient aoquiei> 
tion of data usable for hydrologic land uee aseen^tnent, surface 
cover classification, physiographic analysis, surface water im«n> 
tory, and for the extraction of infonratinn pesrtinent to soil pro- 
perties. This information has value for oonstrujting hydrologic 
planning models aimed at estimatiiig i^eak outflow from rainfall in- 
puts. 


The reduction of satellite data to practiced, operational infbrma- 
tiori reouires a clear, easily applicable methodolnqy for converting 
these data into quantitative hydrologic parameters. 

The fu^danental objective of this effort is the develc^mnnt of such a 
methodology and Its transfer to hydrologic users. It was realized 
that such technology transfer could be made far more effective by the 
parallel development and eventual denonstratlon of the results of a 
model, specifically structured to toko full advantage of the capabil* 
ity of IAM56AT — for exatf^le, Its frequent recurrenoe and oonseq*«nt 
ability to determine se 2 isonal variations in the watershed's conditions. 
The category of Planning Models was chos en for development and dairxi- 
stration because of the wide diffusion of such models down to caqpil- 
lary levels within the hierarchy of water roaources users, and because 
their implementation Is relatively simiiler than real-time managorent 
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RDdais, thui making optijnMn uae o£ tha rasourcea avallalale for this 
effort. 

QofiMqiMntXy, tha effort was structoreu along two major toutaei tha 
davelopmnt of a hydrologic planning modal apecifically baaed nptsn 
ranotely aanaad inputa, including ita teat and verification from ex* 
lating raoorrls; and tha application of JVOr>ACr data to supplying the 
model 'a quantitative paranaters and ooefficienta. Included waa the 
investigation of the uae of lANOSKT data as ixifoxmation xj^xjts to 
all categorise of hydrologi': models requiring cnvintitative surface 
parameters for their effective functioning. 

lha effort thua far has coiisi.^ted of two phases. The first focused 
cn tha definition of the "drivei's" - those hydrologic processes to 
which peak rwoff is most sensitive - and upon the synthesis of a 
simple yet effective model for the eatijnation of long-racurrenoe out-* 
flows. The raeulta of the first phase effort were presented in the 
Final Report, "The Application of Ranote Sensing to the nevelopnent 
and Pomulation of IV^lxologic Planning Models," dated January, 1975. 
The second phase has extended this work to include the developnvit 
of a routing model for uae in sensitivity analyses, and a quantita- 
tive investigation of the accuracy and oorr-detenoss of tl?e hydrologic 
infomaticn which can be extracted from ratotely-sensed imagery. 

This docunsnt reports the findings and conclusions of the Phase-two 
effort: it includes a sutrwiry of the results of the earlier work. 
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aiAPn.-p I 

rrviEw Of TOF nR?r phace ftfokt 

Of critical onnoani tt) water resources planners and engineers is the 
ability to iozecast peak flow e^erits. The cauefcility to eetijnate the 
magnitude and duration of large- recurrence outflows has a significant 
IjTfsact ifxn the aoruracy of sizing and dcsignina waterworks, and thus 
on their oost. 

Ihe tool available to the planner for these pumo^oB is the hydrologic 
model. Although the infxjts of different models vary, all require sig- 
nificant ojuantities of physiographic and tiydrologic Infomation; thesa 
data are typically expensive to csbtain and are often crily peurtially 
available. Ronote sensing offers a new souroc of infomation whi^ 
fomarly had to be acquired by less efficient means or ignored ed- 
toqether. 

Ihe first phase of this effort, conducted from February to Deoonber 
1974, addressed four pertinent topics: 

1) Identification of the "drivers" of peak flow events, i.e. , 
the hydrologic phenernm (infiltration, .intecedent soil 
moisture, etc.) to which the watershed's outflow is most 
sensitive. 

2) The developnant of a modr:! ocmpatible to tite maximun degree 
with rerotely-sensed hydrologic inputs. 


3) Verification of the node] for airtual watersheds. 


4) PralininarY Idantifloation of tho afflcl«ncy of zwota aan- 
• 1 x 19 ^ dstwonlnlng th« poranwtors of th« modal. 

1.1) Imawtlgation of Drl^mlr Phancnena 

Iha Invaatigatian of the hydrologic drivers was aoaoRplishad hy oom- 
perlxtg the relative ratea and me^tudae of hvdzDlogic p i o o e e eaa oon- 
trlhuting to the z\jnoff from Icng^racurrenoa events to aaoartain which 
are Ixifiartant and which can be neglected %#ithDUt aigni flcant loas of 
acc u racy. 


hein falling on a lAitarahed is subject to several prooeasas «4iich ab* 
street %«atar and govern the flow. It was found that several prooaasaa 
om be omitted in the fomulation of a peak rata model b eca u s e of their 
limited iigpect. Bxoept for very apeciaJ. circimatancea. peak flew can 
be adaquately modelled by oonsidaring only precipitation, infiltration 
and surface flow - both overland and in the channel. 

The sat of tiia principal drivers of planning models can thus be de- 
fined aa shown in Table 1. which also indicates that several of the 
drivers are zenotely measurable or inferrable. 

1.2) Develofxnant of Reo.'tte Sensing Model 

The following criteria were follcwed in the structuring of a peak-rate 
model: 

1) The model would be modular, to allcv the user flexibility of 
applicatiai. 


REPRODUCIBILITY OP THE 

orrhnat, tahk is poor 
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TARLB 1 


PLANNING MODEL COMPONENTS 

















2) nm modal %«uld pxovida tha long- r ac u rranoa paak outflow ratal 
davalo|iBant of a modal to yiald tha hy d xoqr a ph waa raaarvad 
for a later phaaa of the affbrt. 

Tha paak rata nodal waa oonatructad frexn tha following moduleat 

Wain ^ac u rranoe Mjdula i an mplrlcal formulation uaad to oalcu- 
lata tha aaipactad magnltuda of large lacurranoa rainfalla. 

Rainfall Spatial Oorraction Module; the introduction of a factor 
to oonvart point rainfall to its axaal anui'/alant tor largo basins. 

Sul>^urfaoa Abatractiona (Infiltration) Module t tha Holtan inr 
filtration aquation « xalating infiltration rate to maturity of 
oovar, average vegetative cover, and aoil moisture capacity. 


Overland Flow Modula t a formdation which relates maxiimin over- 
land flow rata to watarahad slops, area, surface friction, channel 
length and rainfall inp^it. 


Q - 
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where t Q maxlirun outflow rate , m /sec/)on 
L ■ channel length, m 
1 > length of average strip, m 

n a\«rage Manning's "n" 

# ■ routl/ig factor 
C - K o^ r^2 

K X infiltration and spatial oorraction factor 
T ■ rain recurrence interval, years 
B > average slope, m/m 
a^, <■ constants, function of location 


Itiii'EcnTTcmn.rrY of tiie 

OKIGINAT. PAGH is P(X>R 
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1.3) Vmritia^ticn of th« rtxSal 

Vklldation of tha nodal raquirad taatlng agalnat a aat of laal watar* 
ihada poeaaaaing raaorda and lapraaenting a varlaty of an- 

vi x onw i tal oondltioni. Such a aat haa baan davalopad by tha U.S. 
Dip ar t — n t of Agricultural Agricult jral l—aarch Saxvloa (AR5). Pron 
thla aat of igpraclmataly 250 ««tarahadi, tha baslna «rlth araa graatar 
than 40 hactaraa ware aaloctad to form tha analytic aan(>la. 

Initial varlflcation of tha nodal was mada on a aubaat of nina baalna 
aalacted for gaogr a phlc and hydrologic dlvarsity. lha computad flow 
rata and tha rate atatlatlcally derl'^ from tha maasu—nant raaorda 
wara ocaiparad. Qangxitatlon of peak flow waa alao made ualng other 

nodala hi oonw on uaaga - tha Rational Formula, the S.C.S. nodal, and 
GDok'a aquaticm - for tha aama wacarshed aarpla. 

Tha paa)c-rata nodal ylaldad eatinataa within il5l of thoae diri^»d 
from nn>ff raaorda for aevan of tha nlna test watarahads. The ra- 
aulta for tMO wateraheda axoaedad thla accuracy bound. It appeared 
that thaaa large errors might be attributable to the "oanplexity** of 
the two basins, both of which are ocmposed of mmeroue sub-baslna of 
dlvarae characteristics hence requiring more oonpleK routing than In- 
oorporatad In tha model. The de^«lo|ment of the routing nodule will 
be deacribed In Chapter III. 

1.4) Identification of the Role of Rarote Sensing In Hydrologic 
Modalllng 

4 

A visual analysis was parfonnad of one watershed, eit Chidcaaha, 
Oklahoma, fzxim blade and white. Band 5, Imagery. The findings 
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of this amlyslA ahowod thst tutat«ntial hydrologic Infoxratian om 
ba WMWiril ficn lew roaolutloo, alnglo-band, blade and whit* iitr* 
•gory, lha pannatars idantifiad and maoaurad warat aurfaoa vatar 
bodiaa» land Uaa Type 2 and 3 aurfaoa oovar claaaea, channel length, 
and lattarahad area. 

1.5) Ooncluaians fion tha Pint Pha»^. El fort 

1. A modal for tha pradicticn of peak flow events v«a atruc- 
turad, ^pacifically designed to ta)ta maxumin advantage of 
tha data and infomation straan available frean ranota sen- 
sing. 

2. Tha pvadlctions of the model in its simplified venion were 
tasted against t 

a. The peedictions fxm three of the most aiployed contain 
poraxy planning nodals — i.e. , tha Rational Fonitila 
method, Oock's method, and the Soil Oonaervation Sarvloe 
mathodi and, 

b. Tha statistical recurzenoe analysis of the streamgage 
raoozda of the nine test watersheds. 

3. Tha results indicate that, within the range of applicabil- 
i^ of its slnplified version, the model appears to be an 
I x t^ajo v nant over conventional hydrologic planning models. 

4. The techniques for extracting the model inputs and para- 

0 

mstars from remotely sensed information were inveetigated. 


rcts^ftt^DUCiiiiLnv OF the 

PAGF IS POOR 


Ihftlr faMllalllty w«« ichntifiad hy visual analysis of 
UMMUff Insgary for ths APS watarshsd at Oiidtasha^ 


Oklstana. 
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OAPm II 

APPICM3! TO me nukfP 2 rrran 

Tha PhsM 2 affort aor ' Atratad In aransi 

1) Itta infwovmont and aKtanded ^«rificatlon of tha planning 
mdal, Including routing. 

2) Iha Mwlyaia of lADSXr unagary to dataimina practical pxooa- 
dur. 1 for tha extraction of quantitative )iydiologic informa- 
tion uaabla in Planning ftxSals. 

lha first area includad four taaka: a) the asetenaion of tha paak-rata 
nodal to a largar> atatiatically significant watarshad swfde} b) tha 
analysis of tha tina-pxofila of the critical rainfall and of the re- 
gional and aaaaonal characteriatica of peak flov to detezmina what 
is tha "planning rain," i.e. , tha rainfall which dafinas tha critical 
outflow; c) tha aanaitivity of o>mrland flow to changes of physical 
basin paranotars; and, d) tha aynthesia of a routing nodal baaed on 
reaotaly-aensad inputs. 

lha aaoond area canaiated of throe tasks: a) investigation of tach- 

niquaa for axtractlon of hydrologic data; b) investigation to deter- 
mine tha information content of each MSS band and multi-band cenbina- 
tiona; and, c) in-dapth quantitative analysis of a specific watershed 
from IMCSKT data. 



in 
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OMTER in 

E9NOD vatxnaaim or pkmc-moe mock, mo iMLOMir or iDumc h»l 

3.1) ftqpnai d ^Mrlfio■tian of Poalc-llits Itodol 

A total of thixt^-oM taaalaa aatioxylng tha orltaria of "tliiollelty* 
vara aalaotad in thia affort. Tlwaa watarahada rangad 1 a axaa from 40 
to about 2000 hactaxaa. n» paranataxa xaqulzad mxm ocar u ta d for aadi 
uatarahad# and tha paeOc rata nodal waa run for aaoh of tha 31 aia|)la 
uatarahada» aa wara tha S.C.8. fomila, Oook'a nodal and tha Aational 
fomila. Haan a rr o ra for tha paa)c rata nodal wara about Ml ocn p a r ad 
with €2.Mf N.2%, and 80.3%, for tha 8.C.8., Qook, and Rational nodala, 
xaapaotlualy, Statiatical taata nai on tha ar ro r a Indioatad that an 
i n o r o v aant had baan raallaad, 

Davala^i of tha paa)c rata nodal made appaxant aona othar potantlal 
aoL^oaa of foraeaat arror a. 1b ijRprova pradiotion accuracy of tha 
routing nodal, aavaral quaatlona naadad to ba anawaxadt 

t 

1) Mhat la tha "planning rain.” i.a. what rainfall Input oor r aa- 
ponds to tha paak flow output and what ara its tenforal and 
araal diatrlbutiono? 

2) Mhat aaasonal and geographic factors ara partlnant? Do rain- 
fall and runoff exhibit p r opan a itiaa to occur during particu- 
lar aaaaons in particular locations? What aaaaonally variant 

oondltione should be includad in tha modal? 

0 

Mhat la tha c^jantitatlva aanaltlvlty of basin runoff to vari- 
ations in surface paranetars? How aocurataly. than, does one 
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maA to inwirn oloiio^ friction Utxm, «tc. to otwlAto tho 
latinduetian of unaooipUblo onori. 

4) How ihould tho anpcoprlato bmln bo Mlootod? Slnoa 

valuM for aod) micro olrnimnt of tht basin ais costly to nss- 
■urs in prsctlos# how should ths hydbrologlc psranstsrs bs cos* 
binsd Into an svsrags vslus ylsldlng oo r rsc t results? 

Ths following dsscrlbss ssch qusstlnn and p rassn t s ths solution derived. 

In gsnsrsl# no single type of rain event causes ths peak basin out- 
flow. A fifty-year recurrsnos nsioff# for SBanple* can bs produced 
by one intense rainfall or by a series of Issasr eunts. This tact, 
alieody indiostsd by various reasarchsrs, was vurifisd for ths wetsr- 
shod tent soqpls by examing ths lelatlon bst w ss n laxvs-recurronoo 
rainfalls and nanffa. This raquirod ths analysis of detailed rs- 
oords of rainfall and runoff zatss and wasess at tins intarvala of a 
few ininutos in several xatsrahada . to identify the largest runoff 
events, ths oo r responding hydrographs, and hyatographs of the gsnar- 
ating rainfall (s) . No sasily-disosrnibls relation appaarsd to exist 
bstxsen ths runoff and ths rainfall of equal recurzenos. Ths oonclu* 
Sion which was reached is that runoff is sensitive to several factors, 
a neng which rainfall rats is only one. Sinos no direct connsetion 
could bs astablishad, further an.uysss were psrfozmsd to estimate the 
tsRporal profile, duration, and magnitude of ths planning rain. 

A oonputer modal developed by D.E. Overton was used to detezmins ths 
temporal profile of the planning rain. The model simulates ths run- 
off resultant from a given ralnfzdl input for a unit width "strip" of 
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any Ingth. Smural rmlnfalla of aqual voIum but with dlftewt 

pcofilM mrm aiimiUtad and tha rosultont runoff hydrogxiflia 
raaocdod. A ■IgnlfioMit IncrooM in outflow vtoa opporint fron rolM 
of trionfular ohapo. Rainfall rooorda from tha taat uatarwhadi rtwwad 
alao ttmc tha larga recurxonoa rain profilaa tond to ba triangularly 
ihapad. Xt tbua oppaars that tha triangular pcoflla ohould ba uaad 
for tha planning rain. 

Aa ragaida tha aonaltivity of runoff to tlnlng of tha rainfall paak. 

It MM dlooovarad that tha dlocharga paak vaxiaa as tha tlna of paak 
raln» rlalng to a naxlnun and then falling off. The o onp u bar modal 
BhoMad it valid to Msims that tha planning rain should have Ita nmx~ 
Irun ooour naar tha mid^int of ita duration. 

Tha approprlata duration was aatimatad as mbII. Tha atrip modal 
dononatratad that the highaat runoff rata which can ba ooqpactad from 
a rainfall of fixad voluna will occur at tha tima of oonoantration. 

Tha rainfall, than, muat ba at leMt of duration t^ to anaura that 
tha watarahad hM reached its ultimate outflow rata. Finally, tha 
racurxanoa Intarval of the rain was dataxminad. Tha rataa of peak 
rainfalls viara plotted against their recurrence intervals for the 
nine watarahad taat sample. The results showed that for intervals 
greater than about fifty years, the increase of rainfall rata was 
Bsall. The fifty year recurrence was therefore aalacted. Tha 
planning rain, than, should be cue of triangular shape, duration of 
t^, and of f£fty>year recurrence. 


m^teologlo pUming ■nrtilB will te ant aooun if if thay aixxor tha 
oonditlaBit « Upt in ttaa baain during tha aaaaon %4«n tht paaka an 
■oat llkaly to ooour* Zt ia tharafora lap o r t a nt to aaoartain whatter 
naoff paaka aMhibit aaaactial ragularitiaa and to idantify tha oriti- 
oal aaaaona for tha %aatarahad undar atud^* 

A gaographioally divaraa aaqpla of watarahada waa aalactad for thia 

analyaia, ocnpriaing 15 AR6 baaina with raoorda Icngar than 15 yaara. 
Tha annual paok diochazga for aadi baain by yaor and nonth of oooirr- 
anoa waa raoo r dad» and a ohart praparad ohowing tha probability that 
an annual paak would happon in axv givan month. Tha onalyaio paxnlta 
tha tantativa oonolualon that in tha xagiona wbaia paak auonta ara 
dcminatad by ourfaoa paranataxa, (Oanvilla^ BlacJcobuxg) tha diatribu- 
tion ia bljicdal, i.a. flood paaka tand to occur in two diatlnct par^ 
ioda of tha yaar, ^pioally lata apring and lata oxanar. Watf^rohada 
in tranaiUon xagiona (ODohoctcnr Waco) axhiblt a laaa aarkad aaa- 
aonal tandoncy. lha probability of ooc u rranoa of paak flowa ia nora 
equally ^«aad over a oix to nine month interval. Thoae baaina which 
are haavily aub-aurfaoe dcminant (Safford, Albuquerque) diow aingl^ 
mode diatributlona. Nearly all their peak flowa occur within a three 
nonth period in late avmner. 

An analyaia of eonaitivlty of runoff to surface paranetars vma par> 
fonned for two purpoaeat 

1) to detannine how aocurataly surfaoa dxaracteriatics nuat be 
meaaured for input to models, i.e. , what are aooaptable 
arrora in estimation of values of hydrologic paranetars. 


LJ • ■ v: 
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2) to dvwilap m ntloral* for "swaging" surfaaa pariatar a - 
for Kaaiing ths valias for aaeh point on ths a atm tiad Into 
pona oomutationally amgaabta «^aiaa. 

Oanpiitar nma aaca tharafora aada to laQaai tha aanaltlvlty of dla- 
oharga to tha aurfaoa paranatar of alopa and aurfaoa frlotion. 

1b data, ooaputar analyala haa baan oo n ductad for a haain atrip of 
avaraga dlranalona and for a typical rainfall iniput. lha principal 
findinga aarai 

a) Duration of runoff paak la noat aanaitlva to alopa at 
valuaa laao than about 10%. Whan alopaa of %«atarahada ara 

• graatar than 10%, an avaraga valua can ha appcoxlinatad. 

In flat haaina, though, ncra datailad ground truth ahould 
ba conaultad. Tha aana aanaltlvlty appliao to aatinataa 
of tlma of oonoantratlon ** tha critical raglon conalata of 
tha IcMar alopaa. 

b) Irxagular watarahad alopaa can ba appcoxljnatad by atxalght 
planaa uhara alopa variationa ara laaa than about 5%; othar- 
wlaa, aach atrip ahould ba dividad with tha outflow of tha 
Upp ain p a t baocning the input to tha lowar. 

o) lha runoff paak rata ia noat aanaitiva to aurfaoa friction 

In baaina with lowar raaiativltiaa (n < 0.04), whlla tha 
0 

duration of tha paak ia noat aanaitiva to higher frlctiona. 
It followa that a rcRDtaly-aanaad aatinata of aurfaca cover 
naada to be adaquate enough to aeparate it Into claaaea 
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wlth siinllar vnluM of Mannlng'i "n". It is patent th« 
that a amnoto aanaor ahould ba abla to aaparata fonats 
fron fialda, fields frcn soil, and soil from urban araaa, 
for araniplo. 

3.2) Dovalopnnt of Routing Module 

In large %«aterahadB, or in thoae aanpoMad of aevaral tributary atreana* 
the aaauifation that all areas of the basin oontribute to the outflow 
hy dr o grap h sinultanaously leads to errors. The hydrograph of each sifo- 
watarahad oan differ fron thoae of its nei^ibors in t«n|x>ral distribu- 
tion, magnitude and duration. The overall outflow fron the basin is 
the ocnbination of those hydrographs, appropriately added to aooou nt 
for the time lag required for runoff from eadi to rea^ the basin out- 
let. 


OOnplex watersheds typically oontain more than one predoninant channel. 
The outflow from each sut>>area does not drain directly into the main 
channel; rather, acme flows first to eeoondary streams. The oontribu- 
tion of certain sub-areas is delayed. An effective hydrologic nodel 
aoaanplishes this mathanatically; it computes the hydrograph of each 
sub-^tershad and suns then aooordlng to a time-delay (routing) func- 
tion. 

The approach to developing the routing module of the pea)c-rate model 
was to approximate a watershed by a aeries of unit strips and then 
to sun the hydrographs according to a time delay function. The model, 
therefore, consists of an overl^md flow oonponent (unit atripa) and a 
diannel flow ocnponent (lag time function) . In line with the intent 
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of this •ffoort, th» nodal wm rtaalgnil to kMp tha ocwputing han^ 
Muna to a ninironu Iha nodal haa auooaaafully taaan tpplimA to mr- 
altlvlty analyais of haain aha|ia and araal diatributlon of rainfall. 
Zt offara nwnabi lity to variabla pracipitatlon Inputa and aurfaoa 
oondit.lona» and^ additionally afforda ap|>la opportunltlaa for uaa of 


ing inputs. 
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cHwm IV 

macuxnc malysis nr LMOJiff DAcnor 

This task liwhulKl thras priaolpsl oawponsn f t 

1) Malysia of ths atato of tha art of tachniquaa for maaurlng 
aurfaoa eharactariatica of hydrologic algnlflomoa and of 
thair oost, Irnpl— itatlon tima* aquipaant and aklU raquix*’ 
manta. 

2) Evaluation of tha apacific hydrologic infonnatian contant of 
tha four UMSXT bands and datannination of which bands or 
ooBtoination of bands auns bast suitad to maa au ring aach nodal 
input. 

3) Quantitativa hydrologic analysis of a ocaplata watarahad 
using 1MX3BM Inagary and availabla ground truth. 

4.1) Analysis of tha Stats of tha Art of Maaauronnnt of Hydrologic 
Paranetara from Rnrotely-Sansed Data 

This invastigation focused v;pQn maasurmnant mathods for thosa rmiotaly 
aanslhla hydrologic factors of nost inmadlata value to watarahad nodal- 
lingi 

1) Physiographic Basin Maasurmnant 

2) Surface Govar Identification 6 Classification 

3) Soils Classification 

It %«BS datazminad that phyaiogra^ihic data - watershed area, overland 
flow length, drainage density, and ch 2 uinal dimensions - oould be aoc- 
traotad from IAMD6KT imagery to an accuracy ocnparable to other 
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ocMBiily - «viilabl« souraM of gtound truth. Surfaoo oow oould te 
olaMlflad by ralatiuoly slafila vimiol nMM into oBtogorlM datailod 
onough for aMlgning quantitatlvo ooofflclmts. tolls clsseiflostlon 
typicssUy rsllss i^on Infsrwws from surfsos oovsr and is, thsrsfors, 
grsstly fsciiltstod by ths uss of aixrlllsxy ground truth. 

4.2) hnslysis of Hydrologic Infomuition Gontant of LNiSXr Bands 

Ihs objsctivs of this task was to datamins the axtsnt to which in- 
foanstion directly applloabls to hydrologic modsls can bs gleaned 
from ths satellite data. To aooa<|>liah this function, an inage 
visMing systea ««as aaaanbled, capable of projecting single or multi- 
band 1MC8XT Imagery onto a work surface. 

TWO of ths ABS aoqperimantal vmtershads were selected for visual pho- 
tointerprstation of IMX3SKT images. Those dioaen - ths Ihome GToek 
basin near Blacksburg, Virginia, and Vfeiterahad ff*10 near GKford, 
Mississippi - were singled out due to the availability of adequate 
gxowid truth in the fom of topographic maps, soil surveys and aer- 
ial photogr a pty. It was found that information sufficient to deter- 
mine hydrologic ooefficients for these basins fron lANDPAT data using 
relatively unoorplicated visual techniques. Particularly, an estima- 
tion of forest area was made for the Oocford watershed, for individual 
bands and oartain two-band ocmbinations. The results (Table 1) show 
that aocuracies sufficient for nodalling can be attained when measure- 
ments are made from the most appro p riate MSS Rand. 
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TMM 1 

rewaw/^«agl>fl^vg fmk aa^naarm 

■ml 7 Bind 5 intmaction Uhlan 

517 517 


Hi- 

1309 He. 

1123 He. 

1911 Ha. 

Odoaicn « .. 

OsXV 

(U Ha.) 

9.3% 

(123 Ha.) 

2.8% 
(37 Ha.) 

2.1% 
(28 He.) 

Oamiaaion 31.1% 

Brtor (411 He.) 

21.2% 
(281 He.) 

18.9% 
(250 He.) 

38.3% 
(506 Hs.) 

Inventory ... 

IDCB BTZOr 

1.01% 

15.1% 

44.5% 


Actual OTM • 129€ Ha. (fzom U.8.G.S. li24,000 Seal# Topographxc Mip) 


Hm follcMlng aonclualona oould ba moda ro^ardlng tha nlotlva volua 
of ooch bond^ liodtod, of oouroa, to the OMaiplee analysed: 

1) Bond 7 oppaars to be beet for Idantifioation and meaeureR«nt 
of surface ««ter area. This le hecouee of the vary low re- 
flectonoe of standing water In the 0.8-l.lum range and oon- 
soqiMnt high aontroet %idth its surroundings. Though no slgni- 
floent urbanisation oKists in either beein. analysis of the 
remainder of the UttCSAT scene shewed Bond 7 to be good also 
for identification of urban land use. 

2) Bond 5 offers much more Infoisnation about vegetation than the 
other bonds. Vhexe vegetative oover typically appears only 
as one or two shades of gray in other bandsi Band 5 often 
yields twice that muter. 
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3) Iht infoovtlon dnrlvabl* tvcm Bnd 6 Is oorrslstsd with that 
of Band 7; likawlM, BMd 4 is oomlatad with Band 5. Zn 
both oamm, tha datail in tha toamr has pccf\wn infarlor. 

Band 4, howwwf ««as found uaaful in tha naasuranant of road- 


4.3) Quantitativa hydrologic Analysis of IKOFUT hnagary 

lha rasults of tha prsliminaxy visual analysis of tha Bladcsburg and 
Oxford wa t ar sh ads wars sufficiantly premising as to warrant its ax- 
tansion to a datailad studty of 'a third basin, po aa aasing high-quality 
laoant gro u nd txutii. Tha objactiva was to dataxmina how many surfaoa 
faatuxaa oould ba idantifiad and naasurad; to aaaaas tha aoeuraciaa 
achiavabla in tha inventory and land uaa tnodaa. Tha Muddy Branch 
Craak in Nantgemary Ootnty, Maryland, %mui salactad for study. Tha po- 
tantlal for nultiband analysis idantifiad aarliar was tastad. 

It was datarminad that single bands oontain useful but diffarant data 
and )ypothaaiaad that a oonposlbe image vould optimise the information 
value. This hypothesis was oonfixmed through in-depth analysis of the 
Muddy Branch basin. The rasults showed that tiva catagoriea of surfaoa 
oovar - forests, fields, lakes, bare soil, and urban areas - oould be 
distinguished. Surfaoa features of the watershed were identified, 
maasu*^, and checked against aerial photographs ground truth. The in- 
ventory node errors, thoae of most ocnoem to tha modallar, eune given 
in Table 2. It is clear that estimation errors have been much inpxoved 
over thoee derived from alngla band analysis. The results shoed in- 
ventory errors to be well within acceptable limits for modelling and 
useful for direct oomputat ion of model parameters. 
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fMh % Cr MBA I Cr DWBOL t 

WtWff WaWSHBD AHOAL WnWBHED WCH 


Urban 

BSZSSl 

u 


u 

-14% 

E^3 


24 

EB3ES3I 

23 

- 4% 

mjjl 

IH3ES!3i 

1 

72 acraa 

I 

■a 

8oU 


11 

1,352 acraa 

10 

♦ 5% 

riolda 

lOSl 

54 


55 

* 6% 


Hm ni’i.ti'-baid oolor ooi^pMit— UMd in tht annlysis gmtly lapcovtd 
th« M|«ralBility of land um OBtogorlaa ovor aingla-band ijnagary. 
Qumtltatlvo hydrologic oooffic^anta could ba aoaignad %#ith aocuraciao 
o cwn aumta with thooa nada fxoai tha ground truth. 


























MtMor or PxmNBB md oqncimzow 


ItanM taaks mxm undurtatan in thin afforti 1) thi vnlidatlon of tht 
pMlnrato nodal on an an pan dad aot of watarahadai 2) tha davalofawit 
of a touting nodal for oonpl an baalnai and, 3) tte quantitativa hydro* 
logic analyaia of UH3B/a Inagory. Itw findinga and raaulta ara da- 
aoribod in tha following. 

S.l) E)qpandad validation of tha Paak-Rata ftodal 

A thirty-ona Mttarahad ampla laaa aalaetad with aigniflcant gaographic 
and hydrologic divaraity. Tha pradicticn auppliad fay tha nodal waa 
t a atad for aach, with thia output aanparad to tha raoorda and to fora- 
caata oagputad fay uaing thraa othar convanticnal planning nodala. Tha 
r — O ta aanaing nodal gava ingaovad variafaility and aocuradao ouman- 
Burata to tha othar thraa nodala. Mann arrora for tha paak rita nodal 
warn Ml aa cxj n gm :a d with 62.5%, 99.2% and 80.3% for tha SCS, Cook and 
Rational nodala, raapactivaly. Tha ranota-aanaing noda' in ita currant 
in^anantation appliaa to "alnpla" baaina - o aigxa a ad of a aingla pra- 
dominant chamal, and davoid of aigniflcant sub-baains. 

Additionally, aona potential aourcaa of nodalling error ware idantifiad 
and tharafora a nuibar of partinant quastiona ware addraaaad. Firat, 
tha "planning rain" had to be defined. Subaa q u e nt analyaas lad to the 
conclualcn that thia rain oould ba beat approximated fay one of trian- 
gular ahape, having a duration appraxlmataly equal to tho time of oon- 
oentration of tha baain and having a recurranoe of approximately fifty- 
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ywur*. SMond, MMoiMd dianotarlstiai of pmk flow ph ono—na won 
iimstlgotod to aooartala what iiyacta thay might havo on a modal. 

Xt waa dlaoovand that diffannt gaogrivhlc ngiona aidiifait varying 
aaaannil p gopar t iaa» but that, within a ngicn tha charactarlatioa 
an aimllar. Thoaa baaina locatad in aiiaaurfaoa-dcBdnatad araaa, for 
awampla, riiow a p copanaity to produca paak diacharga in a two to 
thflcaa month pariod in lata aimnar hanoa xaquiring Incnaaad aatallita 
ocyvaraga during thia pariod. Ttia nodal, tharafora, should naaaun tha 
phyaiogngihic (drainaga danaity) and hydrologic (aurfaoa oovar, aoil 
moiatun, ate.) dtaractariatica which axiat in tha critical aaaaon. 
Finally, saMitivitiaa of aurfaoa paramatars wen axardnad. It «#aa 
ahown that tha nnoff rataa wan aanaitiva to alopa primarily at lew 
alopaa. Furl.iar, it waa fbind that aanaitivity to aurfaoa function 
zaouiraa that a rmnota aanaor ba abla to claaaify aurfaoa oovar into 
catagoriaa with aimllar values of Manning's "n**. 


5.2) Davalopnant of a Routing Model 


lha naad for a nodal to treat "conplax" baaina was identifiad above. 

A nodal was developed which appmxijnates the watershed by a series 
of strips, each having ita own set of surface ard rainfall parameters. 

Tha output of these strips is svanrod using a ainple tune delay func- 
tion which aoooufits for the length of overland flow and the hydrologic 
charsctaristics of the channel. Ihe oonplete nodal was applisd to an- 
alysis of tha sensitivity of rvmoff to basin slops and areal extant of 
rainfall. It was discovered that both are significant and should be 
pxT3vided for by the planning nodel. Ihe routing nodal met these cri- 
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taria «id aUo thoaa of hl^ i mt il m Miwing ixiput potontial and com- 
pufcaticnal slnplicity. 

5.1) lydxologlc Analyaln of iMtOBKT Innqarv 

Ttm final taak waa aimad at using ranote Mnsing diractly to datar- 
■dna hydrologic infonnatian oontant of tha 1>ND6^ bandn and to at- 
t«i|>t to aia^y extract tha nacaaaary hydrologic data. It waa found 
that Infomation sufficient to dstaonine aavaral of tha ijiportant 
inputs to tha modal oould ba datermined from data using ra- 

lativaly unoomplicnt^d visual tachniquas. M3racrvar» it was datar^ 
minad that singla banda oontain useful but different data and hypo- 
thasisad that a oanposita image would optimize tha infoznation value. 
This hypothesis was oonfizxnad through analysis of the Muddy Branch 
basin. Surfaoa features of ths watarshad ware identified, measured, 
and (dia u k a d against aerial photographs ground truth. The results 
showed inventory errors to ha %«11 within aooaptabla limits for 
modslling and uaaful for direct oonputation of modal paranatars. 


